Abstract: Shrimp trawling is the main deepwater fishery in Costa Rica, where Solenocera agassizii Faxon, 1893 has represented up to 30 % of total shrimp landings for the Pacific coast. Despite the species' economic importance, knowledge about its biology is limited, hindering the development of an appropriate management plan for a sustainable extraction of this resource. The goals of this study were to estimate the size at onset of maturity (SOM) and to describe the reproductive dynamics of S. agassizii in order to provide information that will help to establish a minimum legal landing size and a possible fishing closure during its reproductive period. A total of 4 273 specimens (2 175 females: 2 098 males) were analyzed between January 2007 and January 2008. The overall average size was 30.8 mm CL (carapace length), with females larger (32.4 ± 5.7 mm CL) than males (29.1 ± 4.0 mm CL). SOM was estimated with a logistic regression for females (SPM: size at physiological maturity) and as the breakpoint in the CL-TL (total length) regression for both sexes (SMM: size at morphological maturity). Males reached the SMM at a larger size (32.4 mm CL) than females (30.3 mm CL), whereas the SPM for females was 37.8 mm CL. The percentages of specimens caught below the estimated SMM were 77.4 % (males) and 52.1 % (females), whereas 79.2 % of the females were below the estimated SPM. Mature females were obtained on a monthly basis, indicating a continuous reproduction of S. agassizii with peaks between July and October. These peaks coincide with months with high precipitation and coastal upwelling. In 2013, Costa Rica prohibited the granting of new commercial shrimp trawl licenses, as well as the renewal of existing licenses. Consequently, unless the sustainability of this fishery is scientifically proven, all existing licenses will expire in 2018. The results of this study indicate that the current fishery of S. agassizii in the Pacific coast of Costa Rica is not sustainable. Hence, the assessment of mesh selectivity for this fishery -to ascertain catches were the average size caught is equal to or greater than the SOM -is urgent, as well as the establishment of a MLS of 112.6 mm TL (37.8 mm CL) and a fishing closure period in June and July. These recommendations aim to protect the spawning population and immature individuals of S. agassizii. Nevertheless, it is recommended to study the viability of employing alternative fishing gears to reduce the percentage of immature individuals captured and to avoid an overexploitation of the resource. Rev. Biol. Trop. 66(Suppl. 1): S92-S107. Epub 2018 April 01.
Fishery catches of shallow water resources have been declining worldwide, mainly as a result of technological development, market demands and overexploitation (Food and Agriculture Organization of the United Nations [FAO], 2001; Jackson et al., 2001; Ramírez-Llodra et al., 2011) . As a consequence, commercial fleets started to exploit deepwater resources (FAO, 2001; Morato, Watson, Pitcher, & Pauly, 2006) , and fisheries of the Pacific of Latin America are not an exception to this trend (Pauly et al., 2002; Hilborn et al., 2003; Arana, Alvarez-Perez, & Pezzuto, 2009; Norse et al., 2012) . Additionally, the absence of life history information of the exploited deepwater species is a major limitation for the development and implementation of adequate management measures (Polidoro et al., 2008) .
In Costa Rica, commercial fishing activities are concentrated along the Pacific coast (Wehrtmann & Nielsen-Muñoz, 2009; Trujillo, Cisneros-Montemayor, Harper, & Zeller, 2012) . The Costa Rican deepwater fisheries focus primarily on shrimp trawling, where the target species are two pandalid shrimp species (Heterocarpus affinis Faxon, 1895 , Heterocarpus vicarius Faxon, 1895 and the solenocerid species Solenocera agassizii Faxon, 1893 (Wehrtmann & Echeverría-Sáenz, 2007; Wehrtmann & Nielsen-Muñoz, 2009; Arana, Wehrtmann, Orellana, Nielsen-Muñoz, & Villalobos-Rojas, 2013) . The latter species, locally called "camarón fidel", is distributed along the Eastern Tropical Pacific from Nicaragua to Peru, can be found at depths between 16 and 350 m (Holthuis, 1980; Hendrickx, 1995) and is targeted in the commercial fisheries of Costa Rica, Panama and Colombia (Puentes, Madrid, & Zapata, 2007; Wehrtmann & Nielsen-Muñoz, 2009; Álvarez & Ross-Salazar, 2010; Rodríguez, Rueda, & Cubillos, 2012; Arana et al., 2013) . This species represented up to 30 % of the total shrimp landings of Costa Rica between 2001 and 2006, with the highest yearly landings in 1986 (2.6 x 10 6 kg) (Wehrtmann & Nielsen-Muñoz, 2009 ) followed by a continued reduction since 2005 (0.57 x 10 6 kg) to roughly 0.0061 x 10 6 kg in 2014 (Instituto Costarricense de Pesca y Acuicultura [INCOP-ESCA] ). Despite this alarming situation and the economic importance of this species, the knowledge about the biology of S. agassizii is rather limited (Villalobos-Rojas & Wehrtmann, 2011; Rodríguez et al., 2012; Villalobos-Rojas & Wehrtmann, 2014) . Such a scenario hinders any effort to develop an appropriate management plan for the sustainable exploitation of this resource.
Basic biologic information, such as size at the onset of maturity (SOM) of a commercial species is essential for fisheries management (Li, Cheung & Li, 2012; Queirós, Weetman, McLay, & Dobby, 2013) . Such data are needed for the estimation of the size of the spawning stocks, and provide the necessary information to set a minimum legal landing size, which aims to protect the reproductive potential of exploited populations (McQuaid, Briggs, & Roberts, 2006) . Several techniques are used to determine SOM in decapods. Histology is typically used to determine the size at physiological maturity (SPM) through the analysis of primary sexual characters, where microscopic changes in gonad tissues are associated with macroscopic gonad development (McQuaid et al., 2006; Li et al., 2012) . In addition to the fact that the determination of SPM is not a trivial process, physiologically mature individuals may not be functionally able to mate due to small body size or the underdevelopment of body parts (sexual secondary characters) that are engaged in the mating process (McQuaid et al., 2006; PardalSouza, & Pinheiro, 2013 : Queirós et al., 2013 . Therefore, the examination of the primary sexual characters alone could lead to an imprecise estimation of SOM (Bell, Redant, &Tuck, 2006; MacDiarmid & Saint-Marie, 2006) . The assessment of the size at morphological maturity (SMM) is another technique used to determine SOM. Here the SMM is determined by an analysis of changes in the relative growth rate (allometry) between dimensions of different body structures throughout development (Claverie & Smith, 2009; Segura & Delgado, 2012; Pardal-Souza & Pinheiro, 2013; Queirós et al., 2013) . Finally, the presence of spermatophores attached to females can also be used to identify functionally mature individuals and determine SMM (Tirmizi, 1958; Segura & Delgado, 2012) .
The description of reproductive dynamics and the protection of the main spawning periods of commercially exploited penaeoid resources are essential for the development of proper management strategies. This information is used to protect the reproductive period and the reproductive areas of many exploited decapod resources (García & Le Reste, 1986; Aragón-Noriega & Alcantara-Razo, 2005; King, 2007) . No specific regulations have been established for the S. agassizii fishery taking place along the Pacific coast of Costa Rica. Nevertheless, considering the negative effects of the shrimp bottom trawling fisheries on the Costa Rican environment and the marine fauna, in 2013 the renewal of current commercial shrimp trawl licenses, as well as the granting of new commercial shrimp trawl licenses was prohibited (Sala Constitucional, Sentencia No 2013 -10540, 2013 .
The main objective of the present study was to estimate SOM and to describe reproductive dynamics of S. agassizii in order to provide information, which may contribute to the development of sustainable management measures for the kolibri shrimp fishery along the Costa Rican Pacific coast. Shrimps were sexed according to the presence (males) or absence (females) of the petasma (Hendrickx, 1995) . For each specimen, we measured the carapace length (CL: from inner edge of eye orbit to outer edge of carapace), abdominal length (AL: from first abdominal segment to tip of telson), and calculated total length (TL = CL+AL). The weight of the cephalothorax (CW), abdomen (AW) and the entire individual (TW) was also determined. Females were categorized (mature and immature stage) by direct observation of the gonad tissue; they were considered mature if tissues presented a pink to a burgundy color (stages 2-4) (see Villalobos-Rojas & Wehrtmann, 2011) .
MATERIALS AND METHODS

Specimens
A Shapiro-Wilk test (Zar, 1999) was used to analyze the normality of the CL distribution of female and male S. agassizii (Hammer et al., 2001; Paschoal, Guimarães, & Couto, 2016) . Differences in the size-frequency distributions of the population between the two sexes were determined by the Kolmogorov-Smirnov twosample test (Zar, 1999; Cha, Choi, & Oh, 2004) , and relationships between CL-TL and CL-CW were described through the allometric equation (y = ax b ) (Araújo, Negromonte, Barreto, & Castiglioni, 2012) . To test for differences between slopes of the linear regression of sexes (males and females), an analysis of covariance (ANCOVA; α = 0.05) was applied (Zar, 1999; Araújo et al., 2012) . For each sex, the monthly mean CL variation throughout the sampling period was analyzed with an ANOVA (α = 0.05) (Zar 1999; Xu, Yang, Abula, & Qin, 2013) . A Chi-square test for given probabilities (Zar, 1999) was conducted to detect CL ranges and months with sex ratios, which were different from the expected 1:1 (Hernáez, Rombenso, Pinheiro, & Simões, 2012) . Likewise, Chi-square tests were conducted to determine monthly variations in the ratio between mature (gonads in Stage II, III or IV) and immature females (gonads in Stage I). The relation between the percentage of mature females and mean CL for males and females was evaluated with a Spearman's rank correlation test.
Size at onset maturity was estimated by two methods: i) a logistic regression (SPM) (Roa, Ernst, & Tapia, 1999 , Segura & Delgado, 2012 and ii) as the breakpoint in the CL-TL regression (SMM) (Segura & Delgado 2012; Pardal-Souza & Pinheiro 2013; Queirós et al., 2013) . The SPM was determined only for females, based on the descriptions of the gonad maturity provided by Villalobos-Rojas & Wehrtmann (2011) , whereas the SMM was determined for both sexes. We considered the SPM as the CL at which 50 % of females have mature gonads, and the SMM as the size at which the relationship between CL and TL has an allometric change in growth.
For the SPM, CL was considered as the explanatory variable, and the immature gonad (Stage I) or mature gonad (Stages II, III and IV) condition, coded as 0, 1 (binomial variable) was considered as the response variable. The logistic regression adjusts the maturity curve by applying a binomial function, which considers the point of maximum likelihood of the data within the model, using the following equation (Campos, Dumont, D´Incao, & Branco, 2009; Rodríguez et al., 2012): where p is the proportion of mature females, b the slope, a the intercept, and CL the individual CL. The parameters and confidence intervals (CI 95 %) of the CL at which a female has a 50 % probability of being mature (CL50 %) were estimated using a Monte Carlo simulation (Roa et al. 1999; Rodríguez et al. 2012; Segura & Delgado, 2012) . The SPM was estimated as -a/b.
For the determination of the SMM, the segmented ('broken-line') linear model ((log(TL) = a + b log(CL)) was used, by means of the 'segmented' library (Muggeo, 2008) available in the 'R Version 2.13.0' environment (R Development Core Team, 2014) (Muggeo 2008; Pardal-Souza, & Pinheiro, 2013; Queirós et al., 2013) . This method subdivides the data repetitively into two CL-delimited subsets and detects a transition point, TP (CL I < TP and CLII > TP), where CL I and CL II represent females below and above the SMM, respectively. The resulting segments were evaluated using the Davies test of the 'difference in slope' parameter, which tests the hypothesis that the slopes of the regression lines to both sides of a given TP are the same (Muggeo, 2008) .
RESULTS
A total of 4 273 specimens (2,175 females; 50.9 % of total: 2,098 males; 49.1 %) were collected during a sampling period of 13 months (January 2007-January 2008). Females were on average significantly larger (32.4 ± 5.7 mm CL) than males (29.1 ± 4.0 mm CL) (D=0.3218; p < 0.001), with an overall size range of 17.0 -53.5 mm CL (56.9 -153.5 mm TL) for both sexes (Fig. 2) . The size values at percentiles 25 and 75 for males were 26.6 cm and 31.8 cm, respectively, while for females the size for these percentiles were 28.6 cm and 36.2 cm CL, respectively (Fig. 2) . The CL-TL and CL-CW relationships were best described by a positive power equation. Female size exhibited higher weight increments with size than males (p < 0.001) (Fig. 3) . The CL-TL presented a positive isometric growth for females (0.90 > b < 1.10), whereas the CL-CW showed a positive allometric growth (b > 3.0) with b being the slope (Fig. 3) .
Although the overall sex ratio for the total population of S. agassizii was close to 1:1, it varied within CL size classes (Fig. 4) : males represented more than 50 % in most size classes below 30.0 mm CL (p < 0.05), whereas females predominated in size classes over 36.0 mm CL (p < 0.05) (Fig. 4) .
Monthly mean CL varied within the sampling period for females (F = 16.11; p < 0.001) and males (F = 80.49; p < 0.001), with a range of 29.97-35.54 mm CL for females and 26.51-32.11 mm CL for males (Figs. 5C and D) . The sex ratio also varied within months (p < 0.01) (Fig 5) . Most months presented the expected ratio (1:1), however, in February and May 2007 more females than males were encountered, and in December 2007 more males than females were present (p < 0.05) (Fig. 5) . Mature females were found during all months of the sampling period; nevertheless, the percentage of females varied within the sampling months (p < 0.001): January 2007 June, July, August and October 2007 were months with a high percentage (~ 30 %) of mature females (Fig. 5B) . Months with the highest number of mature females presented higher female mean CL values (rho = 0.63; p < 0.05), whereas no significant relation was detected between the frequencies of mature females and mean male CL (rho = 0.46; p > 0.05).
Males of S. agassizii reached the SMM at a higher CL value (CL: 32.4 mm) than females (CL: 30.3 mm) (Fig. 6, Table 1 ). The percentage of specimens caught below the SMM was 77.4 % (males) and 52.1 % (females). For both sexes, the CL-TL relationships for immature and mature individuals were significant (p > 0.001) and presented high correlations (r 2 > 0.8) (Fig. 6) . Females with immature gonads (mean 30.6 mm CL) were substantially smaller than females with mature gonads (mean 38.1 mm CL), with size ranges of 17.9 -46.8 mm CL and 28 -51 mm CL, respectively. The SPM for females was 37.8 mm CL (Fig. 7, Table 1 ), and 79.2 % of all females analyzed were below this SPM. The corresponding total lengths and 95 % confidence intervals for the SMM and SPM are summarized in Table 1 . The SOM estimated for the population of S. agassizii was 37.8 mm CL (112.6 mm TL). In contrast, the average size of all analyzed individuals was 30.8 mm CL (96.07 mm TL) (Fig. 7) .
DISCUSION
While previous studies in Central America regarding S. agassizii provided a general description of the fishery (Wehrtmann & Nielsen-Muñoz, 2009; Wehrtmann, Arana, Barriga, Gracia, & Pezzuto, 2012) and of its sexual characters, spermatophores and gonad development (Villalobos & Wehrtmann, 2011 , here we report for the first time the SOM and seasonal reproductive patterns of S. agassizii. Such information is urgently needed for the development of adequate management measures (see King, 2007) , especially considering that the results of the study revealed that a high percentage (79 %) of the specimens analyzed was comprised by individuals that have not reached sexual maturity.
The maximum sizes of the population of S. agassizii sampled in this study coincide with previous reports: 149 mm maximum TL (Holthuis, 1980) , 140 mm maximum TL (Hendrickx, 1995) , and 28-155 mm TL range (Rodríguez et al., 2012) . When comparing our results with the maximum sizes reported for other Solenocera shrimp, S. agassizii is the largest species of this genus ( Table 2) . The mean size differences found between females and males are a common trait in solenocerid species, where females are usually larger than males (Pérez-Farfante & Bullis, 1973 , Dineshbab & Manissery, 2008 Li et al., 2012; Segura & Delgado, 2012) . The higher number of females than males in larger size classes observed in S. agassizii (Fig. 4) has also been observed in other solenocerid species (Solenocera melantho Ohtomi & Irieda, 1997; Solenocera choprai Dineshbabu & Manissery, 2008; Li et al., 2012) . The main factors that affect this variation include differential longevity, mortality, migration behavior, and growth rates between females and males (Baelde, 1992) . The sexual dimorphism in shrimps with larger females is typically explained by the positive relationship between body size and fecundity, which plays an important role in the reproduction of crustacean decapods. The energy investment required to produce larger body sizes in female penaeoid shrimps has been shown to be beneficial, as larger females produce more oocytes (Ramírez-Llodra, 2002; Sobrino & García, 2007) . This makes females commercially more important than males for the fishery due to their larger sizes.
The positive allometric growth relationship between CL and CW detected for both females and males of S. agassizii indicates a George & Muthu (1968) proportionally higher increase in weight with increasing length, which is consistent with observations on the growth of other decapods (Díaz, Petriella, & Fenucci, 2003; Harán, Mallo, & Fenucci, 2004; Branco, 2005; Li et al., 2012) . Female and male penaeid shrimp typically tend to increase more in body weight than in body size, after attaining recruitment size to the fishery (Ohtomi & Irieda, 1997) . The higher weight increments with size found in females (b = 3.33) than in males (b = 3.24) disagrees with studies on some solenocerid shrimps (Pleoticus muelleri: see Segura & Delgado, 2012 , Haliporoides sibogae: see Baelde, 1994) , but coincides with results obtained for S. melantho (see Li et al., 2012) . The values obtained for the allometric coefficient (b) in this study were higher than the reported for other solenocerid shrimp (H. sibogae: see Baelde, 1994 , S. melantho: see Li et al., 2012 , and P. muelleri: see Segura & Delgado, 2012 , and are similar to those found for penaeid shrimp (close to 3) (Franco, Ferreira, & Nobre, 2006 , Li et al., 2012 , Segura & Delgado, 2012 , Gautam, Nazar, Anand-Ganesh, Mahendran, & Mahadevan, 2014 , indicating that S. agassizii shrimp become corpulent as they increase in length. The presence of mature females in all stages of gonadal development throughout the sampling period (January 2007 -January 2008) suggests a continuous reproduction of S. agassizii along the Pacific coast of Costa Rica. Similar reproductive patterns have been described for many decapod shrimp species from tropical and subtropical regions, including S. choprai (see Dineshbabu & Manissery, 2008) , Artemesia longinaris (see Castilho, Costa, Fransozo, & Boschi, 2007) , Sicyonia dorsalis (see Castilho, Furlan, Costa, & Fransozo, 2008) , Trachypenaeus byrdi (see Hernández-Noguera, Soto-Rojas, & Canales-Ramirez, 2016) and Penaeus stylirostris and Penaeus occidentalis (see Tabash & Palacios, 1996) . Despite the absence of a marked seasonal pattern, reproductive peaks were observed between June and October (no data for September) and in January; during these periods ≥ 30 % of females were mature or maturing (Fig. 5B) . From 2005 to 2011, S. agassizii showed at least two spawning peaks per year, one from May through July and the other during December-January (F. Villalobos-Rojas, unpublished data). This is consistent with other findings, where penaeid shrimps also showed two spawning peaks per year (Metapenaeus ensis (De Haan, 1844 [in De Haan, 1833 -1850 , 2008; Hernáez et al., 2012; Castilho et al., 2015) . Months with higher temperatures can positively affect reproduction by accelerating the metabolism, which in turn affects directly spawning, gonadal maturation or both (Costa & Franzoso, 2004; López-Martínez et al., 2005; Castilho et al., 2015) . Moreover, a decrease in salinity during the rainy season was suggested to serve as a triggering factor for the onset of ovarian development (Hernáez et al., 2012) . Furthermore, the increase of chlorophyll content in seawater or the presence of coastal upwelling has been associated with the increase in the availability of food for shrimp larvae (Costa & Franzoso, 2004 , Aragón-Noriega & Alcantara-Razo, 2005 , Castilho et al., 2008 . In the present study, we assume that the variation in reproductive intensity of S. agassizii is mainly due to two environmental factors: (1) the presence of a peak in June-July may be attributed to increased precipitation, which causes a decrease in salinity and an increase of food availability from the river discharge (Palter, León-Coto, & Ballestero, 2007) . A relationship between chlorophyll a concentration and species reproduction has been reported for other exploited shrimp species in the Gulf of Nicoya, Costa Rica (Alfaro, Palacios, Aldave, & Angulo, 1993 , Tabash-Blanco, 2007 . (2) The peak encountered in December-January may be related to the seasonal coastal upwelling event reported for the northern Pacific coast of Costa Rica (Alfaro & Cortés, 2012 , Stuhldreier et al., 2015 , which increases the food availability and thus provides favorable conditions for reproduction. Segura & Delgado (2012) concluded that physiological (SMM) and morphological maturity (SOM) occurred at similar sizes in P. muelleri (Bate, 1888) . In the present study, the single use of SMM was not adequate to determine SOM because SMM was smaller than SPM (Table 1 ). This conclusion is in agreement with similar findings in Penaeus merguiensis (De Man, 1988 ) (see Hoang, Lee, Keenan, & Marsden, 2002) , which reported that males of P. merguiensis reached the SMM at larger sizes than females (Fig. 6 , Table 1 ). The same authors also suggested that the size of an individual is more decisive for the development of its sexual characters (e. g. thelycum) than age. Accordingly, the SMM obtained in the present study should coincide with the size at which the thelycum of S. agassizii is fully developed. This assumption is corroborated by the fact that SMM obtained in the present study coincides with the minimum size at which spermatophores were found attached to the thelycum (from 28.5 mm CL) (Villalobos-Rojas & Wehrtmann, 2014) .
The SOM estimated for S. agassizii in the present study resembles the SPM reported for the same species from the Colombian Pacific (Rodríguez et al., 2012) . The estimation of the SOM is a fundamental aspect for any fishery regulation, because catch-size limits are required for the protection of immature individuals from exploitation; moreover, such a size limit is necessary to ensure the reproduction of a sufficient number of recruits to successfully maintain the population (Li et al., 2012) . Additionally, the establishment of size limits will allow the fishery to catch larger and heavier shrimps, which in turn will produce more and better quality of offspring (Birkeland & Dayton, 2005 , Butler, Macdiarmid, & Gnanalingam, 2015 . Therefore, and to guarantee that at least 50 % of the individuals have an opportunity to reproduce, the average size should be equal to or greater than SOM (King, 2007) . The present data, however, indicate that more than 75 % of the females captured in trawls were immature (< 113.5 mm TL); moreover, the overall average size of S. agassizii caught in the present study was smaller than the SOM (95.4 < 113.7 mm TL), thus jeopardizing a successful reproduction of the S. agassizii population. Such a situation is usually related to a poor selectivity of trawling nets, which tend to maximize the capture of individuals that have not reached maturity (Carlucci, D'Onghia, Sion, Maiorano, & Tursi, 2006; King 2007) .
Management recommendations for the Solenocera agassizii fishery of the Pacific coast of Costa Rica
The management measures used in crustacean fisheries to ensure efficient and sustainable resource extraction are mainly fishing gear regulations, catch and effort restrictions, minimum legal landing size, as well as temporal and spatial fishing restrictions (closures) (King, 2007) . Until now, no specific regulations have been established for the S. agassizii fishery taking place along the Pacific coast of Costa Rica. Considering the negative effects of the shrimp bottom trawl fisheries on the environment and marine fauna, Costa Rica prohibited the granting of new commercial shrimp trawl licenses, as well as the renewal of existing licenses in 2013 (Sala Constitucional, Sentencia No 2013 -10540, 2013 . With this prohibition, unless the sustainability of the shrimp bottom trawl fishery is scientifically proven, all existing licenses for this fishery will expire in 2018. Taking in account the results of this study, we consider that the current fishery of S. agassizii in the Pacific coast of Costa Rica is not sustainable. This conclusion is based on the high percentage of females collected below the SOM (> 75 %) and the fact that the average size of S. agassizii caught is smaller than SOM. Hence, the assessment of the mesh selectivity for this fishery, to ascertain catches were the average size caught is equal to or greater than the SOM is urgently needed. Coupled with mesh selectivity, we recommend the establishment of a minimum legal landing size of 112.6 mm TL (37.8 mm CL), as well as a fishing closure during a period of two months (June and July). These two recommendations aim to protect the spawning population and immature individuals of S. agassizii. Moreover, the viability of employing alternative fishing gears (e.g., traps) should be investigated. These studies and modifications are needed to reduce the percentage of immature individuals currently captured and to avoid a possible overexploitation of the resource. Furthermore, it is strongly recommended to establish a monitoring program for this fishery with the objective of evaluating the stock and determining the condition of exploitation of the resource. of the company The Rainbow Jewels S. A. We would like to thank all the "UNIPER@S" that have been part of the project and have helped us in the laboratory and field work: Muchísi-mas gracias. Finally, we would like to thank the two anonymous referees for their valuable comments, which improved the quality of our contribution.
RESUMEN
Biología reproductiva del camarón fidel, Solenocera agassizii (Decapoda: Solenoceridae), comercialmente explotado en la costa del Pacífico costarricense, con consideraciones para su manejo. La pesca de arrastre de camarón es la principal pesquería de aguas profundas costarricenses, donde Solenocera agassizii ha representado el 30 % de las capturas de camarón en la costa del Pacífico.
A pesar de la importancia económica de la especie, el conocimiento sobre su biología es limitado, dificultando desarrollar un plan de manejo adecuado para la pesca sostenible de este recurso. La meta de este estudio fue contribuir al manejo sostenible de S. agassizii, mediante la estimación de la talla de madurez sexual (TMS) y la descripción de la dinámica reproductiva de la especie y por lo tanto proporcionar información que ayude a establecer una talla mínima legal de captura (TMLC) y una veda temporal de pesca durante su época reproductiva. Se midió un total de 4 273 especímenes (2 175 hembras: 2 098 machos) entre Enero de 2007 y Enero de 2008. La talla promedio general fue de 30.8 mm CL (longitud cefalotorácica), con hembras más grandes (32.4 ± 5.7 mm CL) que los machos (29.1 ± 4.0 mm CL). La TMS se estimó mediante: regresión logís-tica para hembras (TMF, talla de madurez fisiológica) y el punto de inflexión de la regresión CL-TL (longitud total) para ambos sexos (TMM, talla de madurez morfológica). Las hembras alcanzaron la TMM (30.3 mm CL) antes que los machos (32.4 mm CL), mientras que la TMF para las hembras fue de 37.8 mm CL. Los porcentajes de especí-menes capturados por debajo de la TMM estimada fueron: 77.4 % (machos) y 52.1 % (hembras), mientras que el 79.2 % de las hembras estaban por debajo de la TMF estimada. Las hembras maduras fueron encontradas mensualmente, indicando una reproducción continua, con picos reproductivos que coinciden con los meses de precipitaciones altas y afloramientos costeros (Julio-Octubre y Enero). En el 2013, Costa Rica prohibió la otorgación de nuevas licencias comerciales de arrastre de camarón y la renovación de licencias existentes. Por lo tanto, a menos de que se compruebe científicamente la sostenibilidad de esta pesquería, todas las licencias existentes expirarán en el 2018. Los resultados de este estudio, sugieren una pesquería no sostenible de S. agassizii en la costa pacífica costarricense. Por lo tanto, con el fin de proteger a la población reproductora así como a los individuos inmaduros de S. agassizii es urgente: la evaluación de la selectividad de la malla para esta pesquería (con el fin de obtener capturas con la TMLC igual o mayor que la SOM), el establecimiento de la TMLC a los 112.6 mm TL (37.8 mm CL) y de un periodo de veda en Junio y Julio. Además, es necesario estudiar la viabilidad de emplear artes de pesca alternativos para reducir el porcentaje de individuos inmaduros capturados y evitar la sobreexplotación del recurso.
Palabras clave: Talla de primera madurez sexual, Pesca de profundidad de arrastre, Pacífico Tropical Oriental.
